EABEREAER

= | =-' (] ' e r ﬁ —
i8 iS ¥ iir off 5% fr
3k =
REPORT OF

THE PORT AND HARBOUR RESEARCH

’(
INSTITUTE f
MINISTRY OF TRANSPORT

voL. 30 NO. 2(1) JUNE 1991

|

NAGASE, YOKOSUKA, JAPAN




R SRS (REPORT OF P.H.R.I)

Fw30& T|2S (Vol. 30, No.2) 19914 6 A (June. 1991)

8 X (CONTENTS)

. Investigation of Cross-shore Sediment Transport Rates and Flow Parameters
in the Surf Zone using Field Data

............................................................................................. Yoshiakl KURIYAMA
@7 — 5 i X ZREENORMEDR & FEFE RS
............................................................................................................ = E=F)
Bin7 = Y — OFREES L RNE D EHICET 2 RE
............................................................................................. TR H-EAR B
(Characteristics of the motion and tension of a ferry moored in a storm
............................................................... Tetsuya H]RAISHI and satoshi HONJYO)
. BEREC X IBEMEYOREMY tav-Ya Y

.......................................................................................... @l gk e OEK

(Modeling of Discrete Vortices Induced by an Inclined Flat Plate
Yasushi Hosokawa and Keita FURUKAWA)

TSR F 4w I FE—FFL— Yy THRBIWEREG—HBOL T

........................................................................ M 7. AH —C-ul BE
(Performance of Vertical Drains for Soft and Ununiform Soils
------------------------------ Hiroyuki TANAKA, Kazumi OHTA and Takahide MARUYAMA)
. HOBIENIc B 2 RABOFEME
............................................................................ EE k.S 8
(Lateral Resistance of a Pile in Rubble Mound ’
............................................................... Kunio TaKAHASHI and Yukifumi Ikk1)
+ v FFLr—voRIcBET 2 HFRERREN
............................................................................................................ /]\M IEﬁ
(Finite Element Analysis of the Effectiveness of Sand Drains
....................................................................................... Masaki KOBAYASH])
EOREBRSLEREE DT
........................................................................... Jtzz Eft - @ F6 E2EA

(Reliability of Clay Ground Improved by the Group Column Type DMM with
High Replacement)
-------------------------- Masaki KitTazuMme, Takeshi NakaMURA and Masaaki TERASHI)



8. MEEE OVt ORISR

.......................................................................................... = BEE . Jb B
(Influence of a slope on the Lateral Resistance of a Long Pile
............................................................ Masaaki TERASHI and Masaki KITAZUME)
9. BRI & 3 RIREREE DT O BRI
............................................................................................. H#HE &-8E
(Analysis of Deformation in Sheet Pile Quaywall due to Liquefaction
.................................................................. Susumu IAl and Tomohiro KAMEOKA)
10. Bt OMBHSKEAICES < IR T~ 0 ZERIFFEORE
............................................................................................. ok EH £

(Circular' Arc Analysis of Earthquake Damage of Embankments on Saturated
Sand Layers

.................................... PO Tatsuo UwWABE and Makoto OSADA)
1. RLOERFZERKRY — 7 v OF¥HH
............................................................................................. mE OE.LHE B
(Mechanical Properties of Long Caisson Subjected to Torsion
............................................................... Osamu Kivomivya and Masao YAMADA)

12, HARKDFEE o o + OBIR
— GB2H) BEPIKBERBOR —
......................................................... A - KE fi— -2 Zk-BE FE
(Development on Aquatic Walking Robot for Underwater Inspection

— (Second Report) Design of the Light-weight Type Aquatic Walking Robot —
--------------------- Osamu ASAKURA, Jun-ichi AKIZONO, Mineo IWASAKI
: and Takashi NEMoT0)

13. KEFI B 2 EJBAREOKE S »
......................................................... Bl #30-85E BM-84 R85 BX%
(Fluidity Characteristics of Muddy Slurry with Compressed Air in

Horizontal Plipe
----------------------------- Yoshikuni OKAvama, Motokazu AyuGal, Makoto SuUzuKI
and Hiroya Fukumoro)




+URNRL—voRHRIC
B3 2 A REREN

B E &

k3 g

FYRFL— v THER, KT 2RRBIEELTRLACBVLYORATETV S,
KROEOES - BLTHEOBZICBVWTS, vV FFLv—vITHERECPSEREATVS, ¥V F
FL—vid, HTRELEEOSRHREL /T 2o0TH 54, BBREREROL SN L THOBIC
i3, BEOEMBAEZLENTSY, COARMTIPNRITARBEIATETL S, LTRES
BBl TiRb vEEMSIADINIE D - o, —HRVPEI B 2 5EEBERICBVL T, LWTRE
PREPELTYH Y F FL— U HBAIhE LB, 2OHEERFIT DI, BB OHR
Bt HEmEO, ¥V FFL— YOBFRICLBATOZHBHEARSN TS, TORRITLB L, ¥V
FREL—vOBREICL AL TIRREANENEL, UTREHRBREAEEDOSNLE LTS,
BEOFEERICINE, YV FFL— VIV UTHREEENIRTTH S, COLINEHRL
EEOERIZ, BEOERNTEBBEREER, —RIBHET-> TV E0BRELFARALELSH
3, BEOEFEAORSEMO DL LT, B BHEREAVEREREL L 28RTES
BIFATTWV, YV FFL— v THEOLTRENBCHELTRNZT 7o COBRICINE, B8
WHEAEAVWESRTEERITERAVEC EicLy, ChiTBohRAEE S E(HPTES
CEMESHEN 51, ST, BEBORKKATSETIT>LHBRESHE, BRICH, ¥y F
Fr—vickRed2 VU TREDESBHE RN, BRBEFAUTHILICBALTE, BREALEBATS
BT EBRD o1,
F—0—F: ®T, EE vV FFLr—v, SRERE

T IES IHHRER
—275—



REPORT OF THE PORT AND
HARBOUR RESEARCH INSTITUTE
Vol 30, No.2 (June. 1991)

Finite Element Analysis of the Effectiveness
of Sand Drains

Masaki KOBAYASHI’

Synopsis

Sand drains have been widely used as one of the most popular soil improvement
method. Particularly, in construction works in Japanese coastal areas, sand drains
are extensively employed to increase the undrained shear strength of soft clay. For
example, in the Kansai International Airport Project, approximately a million sand
piles were installed to improve soft alluvial clay.

Although sand drains have been successfully used in coastal areas, interesting
case histories have been presented in highway construction. In Japanese highway
construction, test embankments are frequently constructed to investigate the effective-
ness of sand drains : embankments with sand drains and embankments without sand
drains are constructed to compare their behavior. In almost all the test embankments,
sand drains were not effective in accelerating settlement whereas effectiveness of increa-
sing the shear strength was observed.

Because the main purpose of sand drains in coastal areas have been the increase
of the undrained strength, their effectiveness regarding settlement have not been dis-
cussed in details. However a few case histories show that sand drains were not effec-
tive in accelerating settlement of clay in coastal areas.

According to the theory of consolidation, sand drains are effective in both accele-
rating settlement and increasing shear strength. Consequently, consolidation theory
fails to simulate the case histories where sand drains were not effective regarding
settlement. This is due to the fact that the conventional consolidation theory assumes
unrealistic conditions ; one dimensional deformation with an elastic model for soil.

In order to reproduce real conditions in the field, two dimensional consolidation
analysis was carried out by the finite element method using elasto—viscoplastic model
for clay. It is shown that the finite elements can simulate observed settlement of
many case histories. According to the finite element analysis, sand drains seem to
have small effect on accelerating settlement. Especially, regarding the reduction of
residual settlement, their effect seem to be almost negligible. On the other hand, the
effect of increasing the undrained shear strength is clearly observed in the numerical
analysis results.

Key Words : Settlement, Consolidation, Sand Drain, Finite Element Method

* Chief of Soil Mechanics Laboratory, Geotechnical Engineering Division
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15830 1IKg 3T stk DEtEMEERAMBS—FKLT
WEEHEINTVWS, LT, TOBEREED
HEETCEAEIERTE LMDV -2 Th 5,
Plbd~tckdic, v FFLr— vk FIRESRC
BIL T, A7 — s PRESHESh, BRTRE
—HRRESEBOLATVLEERVVEY, ChE Tt
EINEEERICBV TR, B —RTEFRTL
PITbhTVEYL, L L, EEBOIHRI—KRTERRE
BEY, PUEOSRTHETEHRENRE LT3, %17,
HEEBROMBIERELESAL Lo oMK M 3154
BEVDT, _REFOHBOLAREVLDEEISNE,
oL BONLBENRREROBRREERT 510
i, BESHEEREZTTREL, b 3EEMEROSH
ERBULICEFVEROIEREBITOSLETH B, C
DEIBERD, S, M- BT FVERVEBRTE
ERT 21T > oo 88, LBEHOEY THEOERIIER
HIBBME OREV AT, BEO—RTEEREIFT
HENESREOTANARETH > EdRENTVS
DT, SEIOFHEM S IFEVI,
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+ Vv FFL—vOHRICET 2 ERERRIT

BERN Area 1

Diometer 70m

Height of fill 1.5m

I8 0 = 27 kN/m?2
o

Embankment
Height 1.5m
Top width 40m
Length ~ 40m
Undrained

A0 = 27 kN/m?
Built in 1961

Diameter 35m
Height of fill 1.5m
80=27kN/m2_ ) ) :
Drain spacing 1.5m
2 réea I '

SHRIR, // Diameter 35m
“ﬁln“\“

Height of fill 22m, 1957
[ :.‘ H

17 Unloaded to 1.5m in 1961
“v.
&

WH a0 =39kN/m2, 1957

ord T ] BT = 27kKN/m2, 1961
o ’ Dr . .

Y P ain spacing 1.5 m

[
8

/"-"

10

Area TV
Diameter 35m ’
Height of fill 1.5m

Ag = 27kN/m2
Undrained

o} 50 100m

E—19 Ska— Edeby RE&EL OFEKN
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o IE B
Depth|Soil Description Water Content, % unif y'v‘giqn' Undrained Shear Strength kN/m? Se?csg‘i;;w
(m) 20 40 60 BO 100 120140 |1957 1971 | 5 10 15 20 25 30 35 }1957 197!
Torrerost : —T—T T — T T
- Palhibein . 143 x a
g Green-grey . /
R slllqmly organic| —_——a— [1.29 ./x 5
< clay
13
& suphidebonds| _____ PO 19511 6 h o, it " e
1+ — b 1.53 x 4 7
Fommm B 161 \ U! 14
5 - | Brown-grey s 1.62 L 7
varved chay, Fo—ma= oot 143 158 \ os nole
7 | sulphide bonds — : r + s
1= B 1se|'"0 o 7 .F 14
12 hooog o 162|473 A ios 7 |12
o )
2 +
1< a X: K
Occasional - 1.5911.82 ‘}' ‘: 2 19
10 - | fine sandand - 1.68 X 14
° silt seams r-"? 1.80 \:9 s 0 10
- po---Ot & 163175 oxX e 168
4L 1957
4 Moraine orrock PL LLwa x SGI vane IS'ZI
1957 — & o Swedish falicone ®
T 1971 b-oneee U o Unconfined o
| compression
E—-20 Ska—Edeby OHRK (X1, 0.9m k)
Depth|SoilDescription Water Content, %o Unit Weight | yndrained Shear Strength, kN/nf Sensitivity
m 20 40 60_80 100 120 140 | 1957 1971 5 1015 20 25 30 35 [i1957 1971
.Dry crust T v T 1 T 1 1 T T T— v T T
k- rrrwn 143 5
—Greemqrey 136 6
_| 8 stightty organic .29 8 °
ocloy,sulpmde 1.52
- & flecks . 147 I.22 :;
°6re cla 167
- su|pyh|de£onds 147 | 160 11
161 9
5 Brown-grey 1.57 [ 1.67 2|17
4 | varved clay, 1.59 12 |16
sulphide fiecks 17
- | and bands 161 "
5 1.76 18
-2 Silt seams 1.57 (172 " 12
17 161 . 6
10 1 | Moraine orrock
B —-21 Ska—Edeby OHRKK (&L 1, 1.5m @k
Depth| Soil Description Water Content, % Ur:i'tme,ight UndrainedsneorS'renqm,k“‘z lc;-;-i"
m 20 40 60 80100 120 140 1957 197} 5 10 IS 20 25 30 35 1987 1971
1 D’y Crust T T T T T T T T T T T T T T
_ .g —— - 1.30 4
S Grey -brown
- © slightly organic H==t== __A.A—t-'-_ 1.32] 1.50 4
% clay . 9
& Grey clay, »-—---AAA 143 | 162 13
¢ sulphideflecks 7
—_— P‘-——‘é_‘ 1.83 154 14
5 - | Brown-grey A 1.50 -]
varved clay [R— 167 13
N v;:lifhksulprélde a 1.54 10
lecks an ——— | 18
45 bands s %‘. 160 '8 12
13 [N 168170 12 |20
o>
4| sin seams re-fs 164|175 15 |16
10 4 NN 10| 173 of®
JH R R — 'y 174
Rock or moraine .

E-22

Ska — Edeby OHHRK (LI, 2.2m KRR
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H VR FL—vOHRICEET 2 ERERMET

Degth| Soil Description Water Content, % Un'“,vgq‘gm Undragined Shear Slrenqth,kN/m’wSef:zi:li‘v'i,'y
m 20 40 60 80100120 140 |i1987 19m S 10 15 20 25 30 35 |i9s7 197t
l Dry crust T T T T 7 7 T T T T T
4= a 1.35 4
5 Simndote
1L 1.37
> cloy e 148 / y 817
e — . 1.52 P4 t 8
o Grey clay, P 157 | ce ' 3
15 sutpnide flecks —" 1 a 1.52 o B 9
T 7 ———-- 2 154 | w7 14
5 a 162 mr\ + 7
- L 1
| | Brown-grey - . Y R AR n |
varved clay, \ 1
| | sulpnidefieds| --23 16| 1T o xUI 16 |17
ond bands
s [N 167 175 . !d'; 10 |15
EH] re—Aa 167|172 .o}( o 13 |21
o a +
10 7 |occasionatsitt | +---& 17 'D\R‘+ 23|21
seoms and
1 | oyers e PN 178 a S| 9
“Rock or
4 morains
B1—-23 Ska — Edeby KK (Bt 1)
Depth| Soil Description Water Content, % Un'i:/\:e!igm Undrained Shear Strength kN/m? 59":05:1‘;“’
m 20 40 60 BO 100 120 140 | 1957 1971] 5 10 15 20 25 30 35 |ig9s7 1971
T T | B T T T T T T T
, Dry crust 1.40 ox a
1.36 q/
X Tt
1.52 ., 0 8
168 / - 6
152[ 160 % & of 10110
151|162 .\ / . "
1.62 qo+ "
| Brownd-grley - a 161|1.70 wx O/ 8 13|14
varved clay, ——— 1 i !
.4 1 sutphige bands :_, a 1.6t 9 o LD.-“:_ 13 °
o ~--1ad 175 st 17
43 — A 161 X0 ‘\\ Al
i= RN 16s('7! o oR A" 10 | 22
04 - 163 LT3 . -‘I\ TR
E ===3a8 167|173 «o0x m g |19
] Foayo 173 o \ 12
ock or moraine

B—-24 Ska — Edeby OHHAR (&+ 1)

— " Py —
Depth| Soil Description Water Content, % U;';',V,v:;w Undrained Shear Srengh,kN/m S';ggll'l;;tﬁosr;el)
m 20 40 60 B0 100 | w957 1971] 5 10 15 20 25 30 38m
T T T T T T T T T T € from ¢
Dry crust [3
_ 143 (132 [1957ang 1971 X }_.-{» ‘T wlas
o Srey-green 1.50]1.54 |ot 35m from ¢ [ heud
slightly organic 148184 s 9 9
% ctay:sulphide ' 19 [12
O tlecks .55 [ 1.60 |2
Ja 152|157 6| 15 {8
-+ e 158158 1] s
vor vi :
LIRS 511158 L I
dipping varves; 154 | 1.62 31113
| | suiphide fiecks 157/ 132 LA I B
S ond bonds I d 16
. 1481 &5 1818
4 163 8| 22),;
165 19
Grey-brown 158163 e |13
. vorved cloy; .61
— thick (1-2¢m) jpe :22 ° £ 7
2 vorws ond sutphide bed I 23|18
43 bands, dipping, 161166 o1 20117
S 'henbecomming 1.63] 163 27 20
4 horizontal by 8m 169 166 121 18| 22
170|170 28 | 19
10- 170] 163 sl B3
1631 29
Occonional sond
i . 72| 170 10| 22
and silt seams. veol 160 25 ‘273
_J 170 9 19
Ro.d or morgine

Bd—25 Ska— Edeby OEKE (B11IV)
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NoE R

v“;__ 40
£
§\ 20 -
-2
2 |/
o~ o0——
o T T
P9:.:5.0 (1.5m spacing)
s N N
| v\l [-Px: 50 (2.2m spacing)
a N )
o_ o [~ N
tE » 1 fa %_A, - Ng
-~ —a—_
g-o - - -ﬁf—_‘uA\ //\\YJ
8¢ [ ¥ LER i N
as 5.5.0 (0.9m spocing) \/
Z-Aver«'.u;cz of Piezom P8 and P12a1 7.5m
(o} 1 ! 1 1 1 L 1
o
20
%
NN
s N
» 40
B~
gg “3\ V8:25-75 (0.9m)
Ev 4 D‘ a } i L A
S o "D_L“J—"—J—:r——o—
\V\N v3.25-7.5(2.2m)
% : ! ’
oo | |vi3izs-7.5015m
80 =

1987 1958 1959 1960 196! 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971

E—-26 Ska—Edeby DEHlfE (F+1)
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F Y FFr—voRicBd 2 HREREN

8

Eg o }:: ‘ o unlo;oded: Apriz,lss;l 1,
8% LT 1| w
o 8 R
7
AN
6 AREA II
AN
$ \//—-PIZSD
4
3 BXJ/H\/\ a_ i\/._ /R o Lo
S 2 Al A AN M&&/\v/
2 ,_A—Averoqe of P4, P6and P8 at 50m
1
ee T T T T T]
E” TR ]
§ 5] AREA I
a o \P1:50
3 - ~ — et
. \J w—Averoge of P4.50,P4:B,P6.50 and P6:8
0 HEEEENN
°[3
s 20 ,L\
o Y
R
e* \:\ .
° o \q\ ,V1:25-7.5 _
N T = :
o \\an m,Vi:2.5-75 AR .
L [ 1

1957 1958 1959 19601961 1962 1963 1964 19651966 1967 1968 1969 1970 1971

B-27 Ska—Edeby oE#lif# (&t 1, m)
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NoE K

. 40
3t
=N 20
2 |/
o~ o
v 5 Friiso
S xT "X\x__x—"‘\< P x
2 4 x—X = X7 T
:g 3 /\ = e Piezom,Type>
g 2 |-l a TN\ —— >~ NGI
g ¥ A v
N Average of Piezom P4,P6 and P8 01 5.0m
" | |
o L]
° .
“;“‘mL l
\’\leﬂ
c 20 Xty ‘
o T X—x__| .
‘» X~y V1 2;5 -75
we T X
eg X: _x‘__‘__‘_
Q- 40
3
5]
o
o}
1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 197!}
E—28 Ska — Edeby OEflliEi - (RLIV)
46 5.3 54
€ HP20 ¢
- ,—/ HP OO ¢
%, ===
» No_Drain -35
T
w Sand Drain -8.
Time (month)
HP ™ 33——45 37——69 — 81 ——93—— 105— .
Ba [l [] 52 [ [[>4[[BS][] 56
Té)zf‘i 369 ETT .’]69 3693 ¢
by | Recorded m,=0.19/( p°+0.5Ap)'°
L) ’4‘%%:51% cy=7.2x10° cm?/ min
== t
[ >
Q‘% Calculated 1 """ﬁL‘(nnrﬁ,-.ﬂ,_m
T2 - 25
- ecorded
§ 32 FITTT
E HE
2 a‘ -
5 4 ;=463
[ bQ ¢ =463m
R yCalculated ‘ ! | I |
5 [ o]
D‘:’COC \ | cy248x10 “cm?/min
6 ool | . || ‘Sf‘zs,OOm |
LT AEREAN

BH-29 EEHEBEYIFCBIS0LT
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H+ v FFLr—vOhRICBEAT 5 BRERRN

3. EREBEEEICLBYVFRL—VvORERS
DREHT '

31 ALEFNEHETE

SEEHEBICAVWIC DR, M -BHEEFNTH B,
COW - HPHEATR, MBETEEE e, KRR 0 X
HIBDLT

oF
tw=vooxp ((F—e.)/a) L2
op
L,
_ A=k P, 7
F= 1 ¥e, (1np0+ M)

n°=Y15 (-1 (n.—n0)
=S/p, 7)a=So/po

Ik, sREERNTHD, p 3EEELSITH 5,
ERBEAMICIBED - KHEFVE[UTH Z M
bEHEDBO s KHEFUY, BHOEES SERL
rHEBHER O LT, SRIOBIFTHWI.EF N
BIGHDOEEDOEEZEME L -BRICHETH 3, Thd
SOFEICBVTIIE, COBBEHRObOAEIERD -
KEEFVERERIEETE, COEFALTRER-10D
EOUEBHSHVELINE, ThThOERIITERRD
SRHBONBSDHBE VY, TERRERSBSATY
BWBARBIDORISREINTVWEIHETHEEREL 12,
BEELERBD SESKDSHE, 0, Zd, RIF
STV BRHETKDI,

e B OHEFERR, A8-ARRLEFESE
BAut, FRAVWKLERERR, SHISADTA /¥ 4
MYy o UAETH B,

% -1
FRALLES - RBREE

0.434 C.
A/5
el Tls - FT2.0
#LicxfLT0.004, £~ +0.02
a/4 x107Y/d
. ESREFERECOBEEA

R A~

e
<

3.2 EHBETOXTRF
CCTR, 2. TENLARESHEBORPARE

TA2BIFLTH B, CORBRBTOL I HULTERRD
FHETRTT 538481, BuBoBRT L TR
Terzaghi D—KRTEFEREAY, ¥V FFL—-v %
BILUELicx LTI}, Barron OEFEREHE WS
DHE—BHITH 5, LdrL, BEITHI>EREZRFNICE
WTiR, HERRM FEROBROHBELSFEHITS
KL LTHERZITORTAEELESE W, LT,
BREZFFOERLHBT 3103, HROFEE
Auwaigaicd, FHOTARME LTHEEITION
$% LV, Barron DERZEIGHREELEHRELTY
5D TCERVOTAFBEICAVWBR I LRTEREW, Ok
bicSElOFHEIREVWTR, M- 20KERKICEVT,
Y FNLAHBRITEAHEICEGEL THEET S DR
Elle COXINRREETH &, PkEEEY v KoY
4 VERO¥S &+ hid, Terzaghi D—RKIEFHER
2ZDEEHVWB T ETHREEL L B,

BE-30i2, COLHINEZALEHVWHELAZKLTR
LEMOMZREY Y FFL—vOFRICEALTHELE
bOThHB, kL, BRATRERDZEICIE, B
{58 C. 2 A\ Osterberg ORI & » TR B OHLE
AERLI, 1, EEBFREc 3, ERESKEH
B30 EAVTVWE, COREVHELMLE XS I,
EROEREAOLHEZERICLOE, Yy FFL-v
DEMICL > T TIRAZBEHEBBMEL B &I D,
EREOERIE S T HRPTEA,

(o}
\
N No Drain
\
\
\
- \
£ \
e 1.0 \‘
c .
rn \
3 N
2 AN
£ ~~iSand Drain
s T ———
2.0
[0} S0 100
Time (day)

B-30 —RuTERICLBHUET — BRIBAG

B— 4 1R L - ERIE &R 300 KEICRIL 3 [FED
—2& LT, RROFETR, —RTEERHEREL
TLWBRENEL 5N B, SRIDERBLOHEIR, —
REBLTLUADVWDHWY B, HAEEGELTVWST
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/N

EDFREELZOND, COEERTT B0, &R
BREEZRAVT, ZRTEEBIT 2T 12KL, &
TR, TEEEHEAE LT, BUHEKEOBEEE
ERREROABIEMER m, » ok, S#HLEO
EnfEE LT, LE»5, 60, 20, 85tf/m* & Lo ¥
YFFL—vOSREERT S0, BRL2m OB
KE% Y~ F v AFTERE@HICRE L, Sk TRIBK
EBEoEREBLIICLTVWS, 750, bt
R UHHRKE £ 7Y vHERSELT WS,

B-3113, COBRE»SBONILT EEEOBFRE
HYFFUL—VvOERIBEL TR LALBDTH B, C
O & ahB LD, HBERALE LBITRERS
EREOERE > £ S HBATER L,

TR BRI L RS0 &S T, LA ELEO .
KHOIHFHFEEF VIS b L LT, EREXMITE

[o}
\
\
\ .
\\ No Drain
- \
E \
c 1.0 Ny
E ~~~-___|Sand Drain
o
»
2.0
] 50 100
Time (day)

H-31 “RTHERITc L 50T — FfBEGR

(o}
E No Orain
1.0 =
- Sand Drain
o
E
2
I
»n
2.0
[o} 50 100
Time (day)

B-32 “&ouIEERRITIc X 50T — BSREBAGR

#OIE &

fT- oo HBMNOKEHEOTPIES 2K 5 BEIC i,
FEABRERICL - THONLAFER L, Henkel &
KL BT FERREBEFELOBFRERA VI,

R-32i3, COERBONAET EEEIORMEL Y~
FrRLv—VvOBRECELTERLALbDTH S, 0K
CE-4ITRENBEAMEE KT 5 &, FHGEHERE
FITIC LD, EABOMBEMAS THPTEBI L
HohThE, COREELTIR, SEDL S 5 HBE
TOFEIR, CAMELOEENKE, SRR
ZITHOCLicED, ZOHEEREICHETEALI LY
Eioh3,

3. 3 EIHEORN

2. TRULEBVBROTELBIFT 5120, -
BRRENZ I BERNEERAVTHEERT > 1, 12
72 L EE R o Fif o 12 % it B — 150 Wi 4 fEis b L,
7oy OhgcB L TERAFRESHEED S L TR L
tzo Eh, —2m~—4m OB EWHEL L CE
E|ITVWE, TITHWAFEEF VR, BEMEO-
AKHEFALTH B, 1, VELERRITERRERES
SRDI, BFIc X 2HKEE L D AN S DI, B
BTABRTRLIEZADRIBKESHICEELEE LS
K LTEHESREATVWS, 7L, SEIRTRITIRE |
THRIFLTVWADT, BEDH Y FFL—vERIck?
EEESO %DM —KT 2L i, DHOBEEZ
RITREBILADETELIE TV 3,

-3 S E O H 518 5 N hibiic 51 5 1%
HIETERERLALDDOTH 3, KbhoEFIWHOMD
BATHY, BBREIDHICL2HKkEZRLLEATH
3, @-38icidkBnwic, B—-17TRLES—1&

Pressure

—= X .
-4 .

[ ]

z(m)

-6 {—
o ity 60
Sand Pile x (m)

H-33 FREXRSE
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YV FFL— v OHRICBET 2 HRERMBT

Time (day) .
(o] 100 200
FEM] I
. No Drain
N4, === i
\o Serﬁd Drain
10\~ —-— Rigid Sand Pile
- \\ .
€ AN 2
() \ \
= | T~ . a
s 20 N e d [N
s N )
& 30l Recorded ~——
® S-1 (Sand Drain) TT-—_
4 S-12 (No Drain)
40-

B-34 T ORHMEEFRMEDOLE

S—-120% TOEAE.R 7o v FLTWVW3, TORELD
ShpdLoK, HEERICLEE, DHODBBAICR
LB OBSIHBR L T TOETHES L >TWVT,
EHREEEMBE LT WS, 7KL, BEOH Y FFL—

YOREFEERICL S, DHITRICL VBELEDOBED |

BoOWAE CEENETT B Eicii s, SEOHE
BRTHIEBEOEFOETHIIILNE > TV 3,

COTHROSWVWTR, DRETSICHEDTHEILT
WBDT, BIOBEL L CHIcHKEENLZ T TEL,
DHOBELZERLAGFNILSKWERBDN S, L1
MoT, BRABRIMO ANLEGREZRMTET-T
RO ZE L AEREIR-MO—sBHRTRLIS
I THVWIBPDEF i3, Duncan — Chang Db D
ThH b, EROMHELLTE, HEORVWDELTHTS
ATVWEHDERW, B-34ick 3 L PDOBEEER
T5E, EffEIES EHRNBS SN B,

B - 35 KEEMOEENH (B—-33iRd X -X’
WEOME) HBERIE & bic, &L NELET B
RLIZbDTH B, MO (a) BREREBIXNT 20T

Horizontal Displacement {cm)
o) 10 -20 -10. O 10

-4 2T —
0) No Drain (D) Sand 0|rain /i‘/ l l
\I
N
\

| J

—e— 3id
—x— 90d
| —a—210d

]

I/
6 !
E-35 ATELOEHEIL (GHIE)

Depth (m)

59, (b) BPHITROHE (DHOBIKES) TS
3, Mhicid, BWEEKICGT 3318, FROT08,
EEBASHETL 1221080 3 BROKEEMN S HER
LT3, B-35Lk 05305 &5z, KEEMOMEEIZ
BHOBERICL > TRERENELTWB I L BIAET
b, 1B, KEEMOA/FKIL_>ORMEAHALND
BHELlTR, SHOHETREBDE X 2BEHTOANCE
BRI L AHEESSHELTVWE0T, Hf0RE3
2BREOHBEICLBEABREDATVWE LD EEDN
3,

" E@-368 & UCR-I7RHETE S W MBUKEORE
DFERBELIbDOTH B, T TR, BHERDOHE
(318) L THEAKLES (210H) OEELELTY
305, DHOBEIC K HBKEDOHBOEEICKEIE
EVHB LD B, SRIDHETE NI LI,
HTRIEBEFRLTHEDIEIB/KENSAKES REZ L
WHOERR 2. TRRLERBRTCBY 3EHITALN
D& XL ERB—HLTEY, BUBOBAEOULT
KBWT, FANEEOREBERKEVWIEERELTY
3,

3.4 Ska — Edeby XRETDORHT

Ska — Edeby TEoh - ERI{EE, REkicH - #B
HREERERAVWT RTEERIT 21T 127XL, T
CTOBRTIIMETHEDOT, MHHNHREETHELT-
1o HUMEDZME, BE%12m &L, ZEOH I m i
BENAZVOT, GEREMtEE L, ToToKLIER

Pore Water Pressure u (tf/m?)

Depth (m)

®-36 WMOBRBOBBUKESR GHE®)
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7

Pore Water Pressure u(tf/m?2)

HOE &

(0] | 2 3
-4 T T T
\ ! =
\\’\\ Sld
\
&
O
\ O
X
\
\
- \
£ X
~ ]
]
P X
- /
Q !
QO !
o r
I
)
J
/
/
x/
7
-6k

B—-37 BHUTREKERORMBRKES

B MM L LT, B MBI, GBI hTVE
THEABRER, S, EMIER C.= 1.4, FIHRRE e =
2.0, KPBANEHEERY =06& L7, BEXRICH
TEERIE, “REFEFEKa=0.004, 0,=10"%/d &
Lt B8, —1~—3mDBIR5t/m* OBEFHE
BT 2BFEFHTEL, 2OTRESFSLE L
FEEREE, FHESRSAT, EREREROS
IMELHRESNTVWIRVLOT, B/IMERIZIZ 2L
fEc =0.000m*/d 2R \1, SHETIR, BtoBE%
ZRLTVS, BEBLURAEOEIR, YV I/RE=
1,000 tf/m? #£7v vHvyv=03&L7, E-275 581
SHREIIE, ITREBLESSICHET S EERITK
ERUTRLEL->TVBDT, hFiIcEdB 3B HIck
SMERDUREUHEEERE >, Lich-T, HETH,
CORERDOERL TV,

Time (year)

X 3 o i5
ST T T T T T T T T T T
S~
\\\
—_ \\\
E \ \\\\ﬁoDrain
§ \
1,o.s—\\
= \\\ Sand Drain
» ————
Recorded
——— FEM
1.0

BJ—38 Ska— Edeby OEALT &3t MEO LB

R-38ik, HFETHONUTREZERBE HELL
bDTH 5B, 121X LIT TR, HEEBHLALEEROL
LY IHRLETRABEE,LSELFIVT, £0%DET
ZHEMELTRLTVWE, COMbSADB LS IT,
FHEMEERBEICIIPPENA SN, HEREMOD
BEE%ES>ECERLTOSE VR B,

4. 5 =

RBIfiCi, ChETCEMTITOOTELY VY FFL—
YOREEREH « RPUEREREEHVTHETL,
EROEGHEHETRIZTHEHTELIL%ER L, O
CER, Y FFL—VYDBTTREERIZEAEDNREMNL
W &, ERMCOHPTESI L ERLTVS, L
L, TREEY Y FFLU— vy TESETRECHERES
BODpH, THhETIT-> Be OHBEERZTI TR
FicHATENL Y, ¥/, Ska — Edeby EILETH D
BYTHEOFR M, EH5LTH Y FFL— v Tl
TREMRBEOhIch > 2D LTVEY,
CCOREHSHIIT B0, BEISREIEC L TSR
HEEe IcE{bs & TR -EEHBERERBIT 2T - 1.
CCTIT-fBir i, B-39RT&5EBEIOm O
—BRIE B EBEIE B2 LS e TEEHE
EfT-1cbDTH B, HBONFEERE LTIE, EHEE
¥C.=1.0, Bl C =02, #HBKE e =2.5,
RFIRETOIEIE M =1.4, EFFEH c, =0.01m%d,
RATRI OAE BB v, =107°/d & U1, ZIREMSE
¥ai30.004&£0.0080 2 FEHFEE L7z, @ =0.004i35H
BErzhi@d B BVEBToL > SE2B\EL, a=
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